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REFRREWCE H'O RELATED APPLICATIONS 

Thl.c 5 8 a continuation-in-part of copending application 
"<S. Serial Nd. Q7/aiS,OO0 r filed December 30, 1991, which la a 
continuation o<: 0\S- Serial No. 07/031,023, filed torch 27, 
new abandoned. 

FIELD OF TAB lOTflSTIOW 

Tho piosent invention relates to solid phase assays £oz 
analyses, in particular to specific Mndiug assays employing 
capillary flow of. reagents and/or sample in a porous solid 
support . 

BACKGROUND OF THE IKVEKn ON 

Specific binding ass aye such as ijnrounaassays have been 
found to be of o;reat value in. a variety of clinical and 
research applications due to the specificity of the binding 
between Hgand and receptor. Many different protocols and 
formate for such assays hare therefore been developed, one o£ 
which involves conducting the binding assay on a. piece of 
porous material which ie usually in the form of a strip , This 
type of as day takes advantage of the capillary properties of 
the porous material to sequentially bring reaction cornponents 
into contact vith each other. This is often accomplished by 
positioning reaction component a at predetermined locations 
aloncf the strip so that liquid applied to one end moves by 
capillary migration along the strip, contacting the other 
reaction components * in the desired seguenoe* Presence of an 
analyte is generally determined, by detect lag the signal from a 
detectable lahel included in the binding reaction between 
llgand and receptor- 
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Hxample* o£ immunoassays using those principles r o£ten 
referred to asr iAtnunocapLllary or xnamjnochromatoyraphic assays, 
can be found in the diflclosuces of WO &7/02774, BP 0 JOG ?7Z r 
U.S. Patent NO, 4,09$ ,647, tf. S- Patent No. 4,999,285, U.B. 

Fatent ko, 4,*e$,:U6, GB 2 204 39&, U.S. Patent No. 4,?43,52X r 

U. B. Patent tfd. 5,037,736, U, S. Patent Ha- H,07!J,07B, U. fi. 
Patent Ho, 5,&S6,83? and C. Glad and A. O, Gicubb, analytical 

Biochemistry, B5 : 180-187 (1$7S) . 

SUCTOVfc* 01? THE ItfVEOTION 

The precept invent inn provides & porous solid support 
having a first poc tion which is contacted with a sample 
suspected of. containing the anaiyte to be detected, Anaiyte 
which is prosont 3n the sample flows through the capillaries of 
the solid support and combines with a tracer which is 
reverslbly bound to the golia support. The mixture of analyto 
and traaer is transported by capillary flow through the 
materia! of the solid support to a second portion where they 
contact and bind to an immobilized binder which binds 
specifically to 1) the an^lyte or 2) the anaiyte and the 
tracer. Unbound tracer moves through the second portion and 
into a thicd portion of the solid support by continued 
capillary flow. The third portion may serve only to receive 
materials not bound in the second portion (e.g.. , as in a 
sandwich assay) oi: it may 3 out sin additional reagents for 
detection of the unbound tracer (e,g« , as in a oonrpetitive 
assay) - 

in the present preferred erobodiwent of the invention, 
the cample is applied to the fir»t portion of the solid support 
and flows- through the first portion into a separate portion 
containing tracer, thereby combining anatyte which may be 
present in the sample with the tracer. Optionally, the 
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combine*! analyte arid tracer may then flow out of the tracer 
portion inta an additional mining portion af the solid support 
prior to being tranRpoitsd by capillary £ Low into the region of 
the solid support Containing the second portion. This optional 
additional portion all owe further mixing of the analyte and 
tracer and a period of incubation to allow binding. The third 
portion of the preferred entbodiment includes an indicator zone 
containing a dye tfhlch is transported by the advancing fluid 
f font to a position on the ©olid support where it oan he viewed 
a 5 an indication that the as«ay is complete, 

DtfSCKXWOM OP THS DRAWINGS 

Fig, l is a perspective view of a representative device 
according to the invention , 

Fig. 2 is a sectional view of a representative device 
taken along line 2 of Fig. l. 

Figv 3 ie a top plan view of tho solid support showing 
plaoercsnt of the openings in the upper section of the housing. 

Fig. 4 is a top plan view of the solid support after 
successful completion of a positive assay. 

Fig. 5 is a top plan view of a represent at iv© device 
showing an successfully completed positive assay. 

»H&CRIPT10W OF THE 3WVEKT30N 

The pcesent invention i* an embodiment of the invent iun 
disclosed in copending application u<$. fieri al Ho. 07/818,000 
(U.S. Patent No, >, the disclosure of which is hereby 

incorporated by reference, 'The present invention provides a 
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prefer cad embodiment which rep reseat a a particular conabination 
of certain o* the specific structural and functional Ceatures 
af the solid support prev^igly disclosed. In brief, thB 
sample is applied to the first portion of tho solid support 
with the solid support in an essential ly horicontal position. 
Tho tracer portion iB separate from tho first portion and 
placed relative to the first portion such that fluid applied" to 
the first portion flows vertically through the fitst portion 
and eji tars tho tracer portion, after which the tracer and 
anaiyte 3 re t ran b ported la tor ally by capillary flow to the 
second poet ion, U'te third portion of the preferred embodiment 
contains an additional feature for indicating that thH 
capillary flow of the fluid ti.e., tho fluid front) has 
advanced to a predetermined completion zone on the solid 
support r signalling that the assay is complete. 

the region of the solid support containing the first 
portion comprises a macropocous material capable of absorbing a 
fluid sample applied to its surface. The sample paeaes through 
the capillary channels of the porous first portion into a 
separate tracer portion with which it xb in fluid 
communication. Materials suitable for use in the first portion 
include porous polyethylene (e,g, , PoREX available from Pores 
Technologies, Fairburn, Georgia), glass fiber , rayon , nylon and 
cellulDsic Materials such as paper. Parous polyethylene is 
particularly preferred, Kost prefer ably, the first portion 
comprises a layer having an upper and a lower surface. The 
sample is applied to the upper surface of the first portion and 
passes through it in a direction, substantially perpend idular to 
the plane of the upper surface, exiting through the lower 
surface into the tracer port i on i tfhe first portion functions 
primarily as a filter for physical removal of particulate 
matter such as cells and debris which easy he present in 
biological samples. When functioning only as a filter, the 
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first portion may consist only of the raacroporous material'. 
Hoover, reagents may also be added to the ficst porn ld» as 
required for the assay* Thase reagents may be impregnated in 
the rnaczoporDu* material o£ the first action and induct, foe 
example, buffers and detergent* . 

Tho tracer portion is similarly cotnptitiod of a 
macLoporons matorjai such as porous polyethylene, glaaa fiber, 
rayon, nylon, or cellulosic materials &uch as paper . The 
tracer portion preferably comprises porous polyethylene, tfhe 
tracer portion is In fluid communication with the fir&t portion 
and absorbs caraple fluid as it exits from, the first portion. 
Preferably tt js also a layer which has" an upper surfaco 
contacting the lower surface of the first portion and flov of 
fluid through the capillary channels of the trace-* portion is 
in a direction substantially perpendicular to the piano of its 
upper *urfac«. Tbe ttacer portion further includes a tracer 
which comprises a detectable label conjugated to 1) a Ugfand 
for -the analyte, 2) the analyte or 3) an analyte analog. A 
li^and for the analyte is a molecule which specifically 
recognises and binds to the analyte, i*e-, tho ligend and the 
analyte are a specific binding pair. Many such ligands are 
known in the art, foe example antigens and: antibodies, enzymes 
and their substrates, carbohydrates and lectins, and avidin or 
streptavidin and biotin. For use in the present embodimemt of 
the invention, antibody and antigen ligands are preferred. 

The tracer is supported on or in the tracer, portion of 
the solid support such, that when fluid from the first portion 
contacts the tracer portion the tracer and analyte are 
transported tooethor out of the tracer portion hy capillary 
flow into the second portion. That itw the treoer is 
iroaobiliaed in tbQ tracer portion but ia cevorsibly bound and 
upon wotting of the tracer portion by sample fluid the tracer 

G 
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it? released- The detectable label component of the tracer may 
be any detect. Able label known in the art for use 1a specific 
binding assays, particularly immunoassays. These include 
radioisotopes- fluorescent dyes, enzymes capable of reacting to 
produce colored product b, visible dyes, etc, tfethode for 
conjugating the Be lane Is to ligands and detecting the signals 
they produce a ice well luiown in the art. 

Particulate detectable labois are preferred for uj;o in 
the present embodiment o* the invention. Suitable particles 
include paicticlee of polymers <®,g., latex or polystyrene), 
eace, liposomes, metallic bdIs <e*g., colloidal silver or 
colloidal gold) ox polyiaecic dyes. £q form the tracer, such 
particles a to derivatives to include the detectable label, 
usually by formation of a chronical bond using methods fcnowo. in 
the art for this purpose, in the case of sacs and liposomes 
the label may also bo entrapped in the vesicle, the particle 
and its associated label may be chemically conjugated to the 
iigand component of the tracer. Alternatively, polymer- 
part iclos, polymeric dyes and metal pan tides may be coated 
vith the li<jand component o£ tbe tracet, e.g., as described in 
U.S. Patent Mo- 096, 837. Most preferred fDr use as a 
det.entahle label' in the present embodiment of the invention, are 
polymeric particles impregnated vith a visible absorbing dye/ 
particularly 0.^-0*5 micron latex microparticles such ae blue 
DYKD LATEX available from Bangs laboratories/ XndJkanapolis, 
Indiana. 

The present embodiment of the invention further 
includes an optional mixing portion in fluid conmunication with 
the tracer portion. The mixing portion also comprises a 
macropor/ous material as <i is closed above for the first and 
tracer portions an d is preferably porous polyethylene. Fluid 
passing through the firs* and tracer portions flows into the 

? 
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mixing portion prior to being transported out of the- mixing 
portion into the segment of the solid support, containing the 
second portion, Tho mixing portion facilitates mixing of the 
analyte with the tracer prior to capillary ijlow cut of the 
mixing pottlon into the second portion. In addition, in 
sandwich assays the mixing portion provides a period of 
incubation for binding of analyte- and tracor prior to contact 
of the analyse/ tracer complex with the second portion. 
Preferably the na*in<? portion is also In the form of a layer 
with an apper surface in fluid communication with the lower 
surface of the tracer portion. 

Fluid passing through the tracer portion enters the 
mixing portion through its upper surface and flows in a 
direction essentially perpendicular to the plane of the mixing 
portion layer, exiting- th cough the lowsr surface, The mixing 
portion is in fluid comwiunicatiori with the segment of the solid 
support containing the second portion and fluid transport 
proceeds from the mixing portion into the second portion by 
capillarity. If the mixing portion is not included in the 
assay device, the tracer portion ie in direct capillary fluid 
communication with the segment of the solid support containing 
the second portion. 

The segment of the solid support cont allying the second 
portion comprises an. absorbent nrioroporous material, The 
mioropocaus material selves to wick fluid from the preceding 
portions into the second portion by capillarity, That is, the 
fluid mixture of analyte and tracer ie transported by capillary 
flow from the tracer portion or the mixing portion into the 
mioxqparous material and continues to be transported within the 
microporous material into contact with the bander of the second 
portion. suitable microporoue materials ±ur use in this 
segment of the preferred assay device include filter paper. 
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ctir ornate a. caphic papers, glass fiber, ctos&littked d ext. ran, nylon 
and nitrocellulose* Nitrocellulose is most prefer rod becau&e 
the binder of the second portion can be easily immobilized on 
this materia 1 without requiting covalent attachment, 

Mule not required, most preferably tne segment of the 
bo lid support comprising the abBorbent micro-porous material is 
positioned such that the direction of capillary flow vithin it 
is substantially perpendicular to the direction of flow through 
the preceding portions, as shown in the accompanying Figures. 
This provides an assay which can be performed vith the assay 
device in a horizontal rather than a vertical position, 
eliminating the need to hold the device ducing the per f or mane e 
and reading of the assay. In addition, tne most preferred 
assay device includes all of the prsoediug portions, including 
the optional mixing portion. 

The binder of the second portion ia a llgand or 
receptor which specifically binds to a complementary binding 
pair member which is 1) the an&lyte or 2) the analyte and the 
tracer depending on whether the assay is perforated in a 
sandwich or a competitive assay format. Many suoh 
binder /complementary binding pair meenbgr pairs are known iti the 
art, and they include antibodies and antigens, lectins and 
carbohydrates, ensymes and their tubs t rates, and specific 
binding proteins such as biptin and avidin or streptav-idin. 
Ffcr use in the assay o£ the- present invention, antigens or 
haptens and, polyclonal or raonoclcna* antibodies- ace preferred 
binders for the second portion. The selection of: antibody or 
antigen for the second portion binder depends on the nature of 
the anaiyte being detected, i.e., whether the analyte is itself 
an antigen or an antibody, when the analyte. to be detected is 
an antibody the binder in the second portion may be the antigen 
specifically recognized and bound by that antibody. 
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Alternatively, the antibody analyte may be bound in the sooorid 
portion by a suitable anti^ant ifaody antibody, Conversely, when 
the analyte to be detected i& an antigen or hapten the binder 
in the second poet ion may be an antibody directed against that 
antigen, 

The binder is iromobiiized on the roioroporous material 
In the second portion such that it is not removed from the 
second portion by the capillary flow of fluid through the 
second portion. That is r the bindec is nondiffusive-ly bound to 
the micraporous material and remains iinmobilifced in the second 
portion when the second portion is wetted by the fluid 
containing ati&lyto and tracer, such itmsobili action may be 
accomplished hy covslent attachment of the binder to the 
micropocaus material using methods known in the art . 
Alternatively/ satisfactory nono oval exit attachment is possible 
when nitrocellulose is the roicroporous material. For this 
reason, nitrocellulose is the preferred material, as it allows 
foe simp lee methods of attachment of the binder. The binder 
may thece-fare he spatted or printed on the second portion when 
nitrocellulose is used r and is preferably applied in a defined 
pattern such as a H pl\i£' 4 siqn, a checkmark or a geometric 
figure <e.g,, a circle, square or triangle), &s the fluid 
containing the analyte and tracer flows into the second portion 
the analyte and tracer become bound tq the binder in the second 
zone and are iiranobilized there. 

If a defined pattern o± binder is immobilised in the 
second portion a second pattern of a second binder may also be 
applied at a location on the solid support which is adjacent to 
the second portion binder euch that the tw> binders are 
contacted by the advancing fluid front under similar 
experimental conditions. This second pattecn may be used as a 
positive control area to assure that the essay is functioning 

to 
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properly, containing either an antigen or antibody as 
appropriate. For example , if the assay Is designed to detect 
an antigen analyte, the tfecoild p attorn may comprise the antigen 
to bo dot ec ted, If tbe assay is designed to detect an antibody 
analyse , tbe second pattern may compriee * n anti-antibody. 
Alternatively, the binder nf the second pattern may be 
unrelated to the analyt© being detected, for example an 
an ti -hapten antibody whiah binds a labeled hapten included in 
the- tracer portion. Eicasvples of suitable haptens include 
biotin, DMP and benzoic acid r with the corresponding antibodies 
being present in the second pattern o£ the second portion, 

After contacting the second portion, the Sluid 
continues to move by capillary migration through the 
mlcroporous material, through and past tho second portion and 
into the thicd portion. ifhat is, the third portion Is in 
capillary fluid communication with the second portion. The 
third portion comprises the area of the microporous support 
which receives fluid from the- second portion. In a competitive 
assay forwat, the third portion may contain a substance £oc 
detecting tracer which was not bound in the second portion. In 
a sandwich assay format the third portion usually functions 
only to receive the fluid containing materials which were not 
bound in the second portion. I.e., it does not contain any 
additional teagents related to detection of analyte, 
FreCerably, the third portion further includes an indicator 
aone of visible* water soluble dye such as Erytbroain B, 
Baft an in 0 01: phenol Red applied to the support in a defined 
area such that the dye is revere ibly bound to the support: < 
When the Ilui& front has" traversed the second portion and 
entered the third portion it flows throu^ the indicator zone 
and the dye is carried by the fluid from its original position 
on the micropDrous material to a second position (the 
completion son©) where it can be visually detected as an 

// 
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indication that the fluid front has pasned through the first, 
tracer and second pott ions and the assay is complete. If the 
third portion includes reagents for detection of unbound 
tracer, the indicator sons is located in an area contacted by 
the fluid front after contact with the reagents. 

In &n alternative eonbocUinent , the tracer is reveicsib^y 
imraobiliz,ed on the xnicroporous material in an area thereof 
defining the tracer portion. The tracer portion is placed 
between the first portion and the second portion containing the 
Mnder, The first portion is in direct fluid communication 
with the micropDrous material* ft sample applied to the first 
portion is wicked into the Mcroporuus material where it 
contacts and mixes with" the tracer. After flpwijig through, the 
tracer portion the fluid continues to move by capiliattty into 
thQ second portion for interaction with the binder. This 
embodiment has particular advantages in as Bays Cor antibody 
analytes which employ an antigen tracer, as less tracer can be 
used with Resulting cost savings, 

lUe most preferred assay protocol for the present 
preferred embodiment of the invention is a sandwich assay for 
detention of an antibody or antigen analyse. In a sandwich 
assay y because the tracer /anal yte complex is immobilized and 
detected in the second portion, the bindex is vsually present 
in excess to ensure that substantially all of the complex is 
bound- Detection of the intensity ot the label signal may then 
be used as a qualitative, quantitative or semiquantitative 
indication of the amount of analyte present - 

By way gf example, in a sautfwich assay if an antibody 
is the analyte to be detected, the ligatid portion of the tracer 
may be an antigen, or hapten recognised and bound by the 
antibody analyte. Antigen or hapten may also be the binder 
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immobilised in the second portion, One skilled in the art will 
recognize that in order to have binding in the second portion 
when the binder snd tracec ate hapten or analyte in a sandwich 
assay for detect ion o£ antibody, the tracer will be present in 
an Amount which is below what would saturate the analyts 
binding capacity of the antibody. Such routine adjustments in 
the quantity of reagents ace within the ordinary alcill in the 
act- Alternatively, either the tracer or the binder may be an 
ant i -analyte (Ab> antibody, 

TO perform the sandwich assay, a sample suspected of 
containing the antibody is applied to the fiirst portion and 
allowed to move by capilLary migration throtigh the first 
portion into the tracer portion where it mixes with the labeled 
tracer. If present, the analyte antibody binds to the tigand 
component of the tracer- J-b the fluid moves through the trace*: 
portion the tracer Is transported out o£ the tracer portion 
with the flu id 4 Most preferably the mixture is transported out 
of the tracer portion into a mixing portion which allows 
additional time for binding of the antibody and tracer prior to 
contact with the mlcroporous material and the second portioru 
in the second portion the binder binds to the antibody/tracer 
complex and immobilizes it in the second pore ion, The label 
component of the tracer can then be detected in the second 
portion to indicate a positive assay result* It the assay is* 
negative, i.e., there is no antibody present in the sainple, no 
antibody/ tracer complex will be bound in the second portion and 
no tracer will be detected. The fluid front containing any 
unbound antibody, tracer and antibody /tracer complex continues 3 
to coove by capillarity through the second portion into the 
third poction vhere it contacts the dye looalised in the 
indicator zone- The fluid front carries the dye from the 
indicator sone to the completion z.one indicating that the fluid 
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Representative examples af antibody analyte* which may be 
detected using this method are antibody to human 
immunodeficiency vicus (H3V) , antibody to rubella, antibody to 
cytomegalovirus, antibody to Epstein Barr Yirus (B»V) and 
antibody to the Lyme disease pathogen Borrelia burgdorferi ■ 

Conversely* a sandwich assay in which an antigen 
analyte is to be detected may employ a tracer comprising an 
antibody which Efpeclf icaily recognise and binds to the antigen 
boing detected- I'hs binder in the second sone may of? a second 
ant i- antigen antibody vhich recognizee and binds to an epitope 
on the antigen which is not the same as the epitope bound by 
the trace*: antibody, otherwise , the sandwich assay fot antigen 
is performed essentially as described above fax d9 tec ting an 
antibody analyte- ftepresentative examples o£ antigen analytes 
which may be detected using this method aro Group A 
Streptococcus antigens, human chorionic gonadotropin (HCQ>, 
luteinizing hormone (LH) and chlamydia antigens. 

The atfs&y may also be performed in a competitive assay 
format, in this embodiment the analyte (either antigen , hapten 
nr antibody) is mixed with a traoer comprising a ligand vhioh 
1b capable of competing with the analyte for binding in the 
second portion, !Fhe hinder, is therefore usually present in an 
amount which will bind lees than the total amount o£ analyte 
and traces when analyte is- present but i.s sufficient to bind 
essentially aU of the tracer when analyte is absent. This 
allows unbound trace* to he da tooted in the thicd portion when 
analyte is present, in goneeal, if the analyte is" an antibody 
the ligand cojnponent of the tracer is the same antibody- but 
the tracer antibody may be any antibody which * recognises the 
same epitope as the- analyte antibody nr competes with it for 
binding to the hinder. If . the analyte is an antigen or hasten 
the liganxf component of the tracer 1b usually the same antigen 
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or hapten, but It jnay also Jbo an analog of the analyte. Jin 
analog of the analyse* antigen or hapten Include**' any 
derivatives of the antigen or hapten which are capable of 
competing with the anaiyte for binding to the binder in the 
second portion. 

Fox a competitive assay, aftec mixing with the 
appropriate tracer in the tracer portion and, optionally, in 
the raiding portion the eoanhined tcacet and anaiyte are 
transported by capillary migration in the cnicroporous support 
material into contact with the binder in the second portion. 
When the an&lyte is an antibody, the binder is usually the 
antigen or hapten recognized by the antibody or an analog 
thereof. It is usually *ui antibody which recognises the 
antigen or hapten when antigen or hapten is the analyse. If an 
analog of the anaiyte is used as the tracer for an antigen or 
hapten anaiyte, the antibody binder also recognizes and binds 
to the analog, 

■J?be fluid front continues to be transported by the 
mlcroporous material through and past the uecond portion, 
allowing competitive binding and immobilisation of analyte and 
tracer In the second portion* Unbound tracer and unbound 
analyte then flow by capillarity into the third portion where 
the tracer contacts additional reagente, if required, and the 
label is detected* For example* if the label is an enasyxne 
which produces? a colored reaction product* the additional 
reagents would include the appropriate enzyme substrate* 
Labels such as fluorescent dyes, radioisotopes* and absorbing 
dyes are directly detectable without further reaction and 
usually no additional reagents in the third portion are 
required. The advancing fluid front a 1b a carries dye from, the 
indicator aone into tho completion sone of the solid support 
vhere it can be visualized, indicating that the? £iuid has 

fs 
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traversed both the second portion and th9 reagent-coot fining 
area of the third portion, if present- This serves as an 
Indication that the assay is complete. 

Whether the assay format is a sandwich or competitive 
aBsay, uhen the tracer label is a dye it is prefer red that the 
assay method include a etep to etabilla© color development in 
the portion where the tracer label i© detected, Ttiis is 
because in immunDoapillary assays cont limed capillary flow of 
fluid Into the area where the label is detected allows the 
signal from the label to continue developing in intensity, 
rnis signal "drift" may cause a negative result to become a 
false positive result over time, or a weak positive signal to 
be come a strong positive. At present there is no method 
available which stops or stabiliz.es the signal in an 
immunoassay based 011 capillary migration. It ha* now been 
found, however r that application of a hygroscopic material to 
the solid support after addition of the sample inhibits signal 
drift and stabilises signal development for later reading of; 
the asftay result, It is preferable to add the hygroscopic 
material to an area oC the solid support upstream of the second 
portion and most preferable to add it at the aite of addition 
of the sample* 



development in the present assay include polysodiura aery late 
(PSA, available from United • Desiccants, Pennaauken, New 
Jersey), 6EPHADBX (a bead-formed gel prepared by aross-1 inking 
de^tran with epiohlorohydrin, available from Pharmacia Pine 
Chemlc*altf, Pi scat away, H.J J, and absorbent cellulose 
derivatives such as TRANfiORB cellulosic filters {American 
Filtrona, Richmond, Virginia). Kost .preferred is * SEPHADEX 
G-50, tfhllo not wishing to be bound by any specific theory of 
how this aspect of the invention operates. Applicants believe 



Hygroscopic materials useful for stabilizing color 
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that the hygroscopic material stabilizes signal development by 
absorbing fluid from the porous support j thus int er rtlpt ing 
capillacy flow of fluid and tracer into th9 portion where Ubel 
is to *>e detected* The select od hygroscopic material may be 
applied to the first portion of the solid support either after 
the fluid front has traversed the- portion where the labe-1 is to 
be detected or it may be applied substantially immediately 
after addition of tho sample, 1'his color stabilising method is 
particularly uaeful when the tracor label includes a visible 
dye, such as a dye conjugated to or incorporated in latex 
particle* . 

The mats rials and reagents described above are 
preferably packaged in thB form of an assay device for ease of 
visa. An example of sush a device, to be used in a horizontal 
position, 1b illustrated in Pig. l, ^he porous support with 
the fitst, tracer, mixing, second, third and indicator portions 
is placed within a housing of a suitable fluid-impermeable 
material. Moldable plastics such as polystyrene a ro preferred, 
but other impermeable m&tetials such as glass or metal may also 
be used. Tho bousing comprises a lowec section (1) and an 
upper section (2), The porous support lays in the lowsc 
portion of the housing and is covered by the upper portion 
which has a plurality of openings therein. These openings are 
aUgned. with the porous support and providB visual or sample 
access to the various portions of the support (3-5)- deferring 
now to Fig, 2, the sample port opening <5) provide* aooess to 
the roacropDrovis material coropvising the first »one <6) and 
preferably has raised sides around the opening which form a 
veil to facilitate application o£ a fluid sample to the first 
tone. The caac soporous material comprising the first Eone fits 
snugly against the interior edge of the samp is port Btich that 
sample fluid applied thereto has access* to the under lying 
traces portion essentially only by flowing through the first 

h • 
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paction, Tho macroporous mater ial* comprising the tracer <7) 
end option a \ nuTcincj (a) pactions of the support ac« aligned 
with the sample poet beneath the first irone such that fluid 
flow through the capillaries of these material© is 
substantially perpondicul ar to the plane of the device and the 
plane of the first portion. 

The mi c>ropo cous material carrying the second portion 
(9) contacts the macro-porous material compel sing the tracer 
portion or the mining portion, if present, and extends wi thill 
the housing in a direction substantially perpendicular to the 
direction of fluid flow through the first and tracer portions. 
Preferably, the micropoeous material is placed net ween an upper 
layer (10) and a lower layer (11) of a fluid impermeable 
material such as polyethylene terephthalate (e.g., HYLRR, 
available from AdnesivBB Research Inuoepocatedr Glen Rock, 
Pennsylvania) or polyethylene. The micropcrous material is not 
cover 9d with the fluid impermeable material where it contacts 
the tracer or mixing portions so that capillary flow of fluids 
in the device is not disrupted. in tho sandwich at?Bay device 
illustrated, a detection window (4) is provided in the upper 
section ot the housing aligned with the second portion of the 
ndcroporous material and providing' visual access thereto. The 
detection window allows visualisation or; detection of tracer 
bound to the second zone as shown in T?ig, 4 (13), indicating a 
positive result in a sandwich. ejtcAy* In a device for use in 
competitive assay a, the detection window may be placed in 
alignment with the area of the thir;d portion where unbound 
tracer can bo detected < 

The indicator dye (12> ia located in tho indicator zone 
on the microporous support at a position whioh ie contacted by 
the fluid aftec it pasuef? through tho second portion. 
Alternatively, the indicator dyo may be vx an area. o£ the 
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mic soporous support which is contact e3 by the Cluid after 
passing through the second portion and the? area of the third 
portion where unbound tracec is dHtected In a competitive 
assay. The indicator zone is preferably concealed under the 
upper section of the housing and not. visible prior to running 
an assay using tho device- When an assay is run and the fluid 
front passes -through the indicate c zona, the dye is moved by 
capillary f]ow alonq the support into align/neat with a 
conrpletion window C3) in the upr>er section ofi the housing , at 
which time the dye becomes visible thcou<£h tho completion 
wind™. This indicates that the fluid front has paBSed through 
all portion^ of the device required for successful completion 
of the assay. Fig. * illustrates a completed positive assay in 
which ths indicator dye U2> ha© moved Into view in the 
completion window {3), with tracer, immobilized In the second 
portion (13) and In the positive control area UO* Fig. 5 
illustrates the positive assay o£ Fig. a as it would be viewed 
by the practitioner using the intact device , 

The following expet intent a l Examples are provided to 

Illustrate certain features of the invention but are not to be 

considered as limiting the scope o± the invention as defineo by 
the appended claims. 

CW&TFtiCfXW AND USB OF AN ILLUS^il'XVfi; ASSAY DEVICE 

An approximately 9 X 10 mm piece of porous polyethylene 
< 15-45 uro PORBX) approximately J,* 3 jwx thick v&s impregnated 
with a tracer comprising anti-HCG antibody labeled with dye 
impregnated 0.4-0,5 micron latex micropar tides (BMJE DYED 
LATEX, Bangs laboratories 4 Indianapolis, Indiana) to form a 
tcacer portion. 'The tracer portion was sandwiched between a 
second 9 X JO mm piece of porous polyethylene and a 5 X 19mm 

n 
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piece of potous polyethylene and the polyethylene stack was 
placed nn top of a atrip of nitiocollul&e approximately 5 X 46 
mm in else with the bottom edges aliened. The polyethylene 
stack and the nitrocellulose vote held together with adhesive 
backed KYXKR (AS-110 ^CRVLtC from AdhesWes Research 

Inc., tflen Rock r Pennsylvania) placed along the aligned bottom 
edge. Approximately 10-15 nun from the free edge of the larger 
piece of polyethylene 1 tniccograjft o£ anti-HOG antibody in 1 
nl of PBS/53 glucose was spotted on tho nierocel lull one in 
the shape of a checkmark and allowed to dry. 5 of HCG In 
1 pi of PBS were spotted in a £.'itiall dot adjacent to the 
antl-BCG antibody checkmark as * positive control area and also 
allowed to dry. 1 ul of Erythryosin 13 (Aldrich Chemical Co., 
Die, , Milwaukee, Wj a cons in) vas placed in a band across the 
nitrocellulose about 5 ram above the anti-HC<? binder {i.e., 
about 15-£o mm from top edge of the larger piece of 
polyethylene) . The prepared solid support was then placed in 
the lover section of a molded polystyrene housing as shown in 
the Figures. The upper section of the housing with openings 
aligned with the smaller piece of polyethylene, the anti-HcG 
checkmarK/HCO dot, and an area of the nitrocellulose downstream 
from the band" of Rrythraain H was placed over the support and 
snapped into place on the lover section. 

To perform an assay for HOG using the device , five 
drops (about 320 ul> of urine were added to the sample well 
and absorbed. After about l rain, the Erythrasin B indicator 
dye appeared in the completion window, indicating completion of 
the assay. At that time % blue checkmark appeared in the 
detection window, indicating a positive result for HOG* The 
blue dot adjacent to the checkmark was also visible as a 
positive control; Negative control samples consisted of pooled 
negative urine or PBS, when, these were run in the assay 

system only a blue positive control dot appeared in the 

20 
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Sl'ABl Ij I Z ATI ON OP COLOR DEVELOPMENT 

A device similar to the device shown in the Figures for 
assaying HCO was used to test methods far etabi ligation of 
color development,. The assay was & sandwich assay in whioh the 
tracer and binder comprised anti-HCG antibodies and the tracer: 
l&bel was BLUE DYED LATEX. 

Five drops d£ urine* samples containing 25c mlU/ml of 
HCG were added to the sample port of the assay devices and the 
as Gray was allowed to tvxx until the dye became visible in the 
indicator window, indicating the ©ltd of the assay- At that 
ti»© SEFETADEX G-5Q was added to the sample port to fill it. 
Contrgl assays were performed in which no 6J2PHADEX vas added tD 
the sample port* Negative control assays were run with 5 drops 
of viine whiah did not contain tfCG. 

Assay tesults were scored visually on a eoaie gf 1+ to 
44, Foe positive samples, the color reaction was initially 
evaluated as l-2t. This intensity was maintained for faur days 
in the devices which were treated with SEPNRDEX. In contrast, 
when vio SEPHfiDBX was added to the positive assay devices, the 
signal oeoawe progressively stronger over four days, 

For the negative controls, the initial test result was 
negative. However, vben wo SEPflAbEX was added tD the assay 
• device s false positive result developed between l and 4 days 
after completion of the as say * Devices treated with sephadex 
\emaine«l negative for four days , 

Similar experiments assaying for Group A Streptococcus 
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antigens were performed to test Che stabilizing capabilities <*f 
PSA ©lid FJI.WOMA cellulose filters. Ln this instance, UlO 
hygroBCDpid material vas added to the sample port subs t ant i ally 
imodiateJ.y after addition of the sample to the assay device. 
The samples wore nitrous acid extract b of throat swabs which 
tested negative tor Group A Strep by the latex test <cui/hj*ottk 
iO MINUTE, Bocton DioKineon Advanced Diagnostics j Baltijnc-te, 
Maryland) - 

Throat swabs negative for. Group A Streptococcus 
organisms were extracted with nitrous acid, Five drape (about 
320 yl) of this extract ware added to thB sample wells of the 
assay devices. As soon a* the liquid vas absorbed, the 
absorbent material (PSA or TRAKSOftB) was addexi to the vail. In 
control assays, no absorbent was added' Assay results txrere 
monitored visually as 1+ to 4+ in the dotection window at the 
time the indicator dye appeared in the completion window (End 
of Assay, "fiGA") and 3, 5, and XO min. late*. Samples without 
added aba or bent showed a significant proportion which drifted 
from negative to positive within the experimental time period, 
Xn contrast, samples with added PSA or TRANBOTB showed no 
increase in false positives. 

To determine the effect of color stabilization on 
sensitivity of the assay, 5 drops of extracted Group A 
Streptococcus antigen vere added to a,asay devices and the 
results Domoareo at BOA with and without oc transorJ* - Wo 
detectable difference in sensitivity due to tbe absorbent vas 
found. 
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WHfcT IS CLAIUKA ly: 

A device comprising & solid Buppoct for detecting" an 
analyte in a fluid, the support comprising: 

a) a first port i an comprising a Layer of rime i ©porous 
material; 

b) a tracer portion in fluid cOJMTiUtii Cation with the 
first poet ion such that fluid f\av between the first portion 
and the tracer portion is in a direction substantially 
perpendicular to the plane of the first portion layer, the 
tracer portion comprising a layer of mac ropo reus matorial 
having a tracer revere ioly immobilised therein; 

c) a ifllcroporous material in flu 3d cownuaication with 
the tracer portion such that the microporous material wicks 
tlutd fcom the tracer portion in a direction mrtis t ant i ally 
perpendicular to the dlcdctidft of fluid flow in the first and 
tracer portions; 

d) a hinder for the analyte nundif f usively immobilized 
on tne juicroporoufj material in an area defining a second 
portion, and; 

e) h vigihle dye revereibly hound to the micropoEous 
material in ati indicator zone contacted by the fluid after 
enntaar, of the fluid with the eec-ond portion. 

2. ' The device according to Claim l wherein the roacroporouB 
material of the first and tracer portions is porous 
polyethylene and the micsoporous material ie nitrocellulose. 

5. The device according tb Claim 1 wherein the support 

further comprises a mixing portion in fluid communication with 
the tracer portion such that fluid flow betveenv the tracer 
portion and the mixing portion i» in a direction substantially 
perpendioular to the plane of the tracer portion layer/ the 
mixing portion comprising a layer of macroporous material . 

23 
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4. The device according to Claim 3 wherein the macroporotfs 
material of. the ficst portion, the tracer portion and the 
mixing portion Is porous polyethylene. 

5. The devlco according to Claim 4 whs* Gin the micro-porous 
material 1b nitrocellulose. 

6. The device according to claims i dc 3 wherein t!he eo2.id 
support is enclosed in a f luid-luipGcmeable housing having an 
upper section including a first opening aligns with the first 
portion r a second opening aligned with the second portion, and 
a third opening aligned with an area of the roicroporous 
material contacted by the fluid a*ter it flows through the 
indicator aone. 

7. The device according to Claim 1 wherein the tracer 
comprises a label including a dye-coated particle. 

The device according to Claim V wherein the tcacer is a 
latex mlcroparticle coated with an absorbing dye* 

9, The device* according to Claim l or 3 wherein the tracer 
and binder comprise antibodies which bind to the analyte- 

10. The device according to claims l or 3 therein, the solid 
support id enclosed in a. fluid-impermeable housing having an 
upper section including a £*ret opening aligned with the first 
portion, a. second opening aligned with a third portion of the 
microporoue support which is in fluid communication, with the 
second portion and is contacted by the fluid after it flows 
through the second portion, and a third opening aligned with an 
ascoa o£ the micrcporous materia] contacted by the fluid after 
it flows through the indicator zone. 

2V 
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IX. 7?he device according to Claim 1 or 3 wherein the tracer 
is the analyte or an analog thereof and the binder is an 
antibody which binds to the analyte. 

12. A device comprising a solid support for detecting an 
antigen in a fluid, the support camprisJ.ng: 

a) a €irRt portion comprising A layer of ItiacroporaUB 
material j 

b> a. tracer portion in fluid communication with the 
zilst portion &'Uch that fluid flow between the first portion 
and the tracer portion ie in a direction substantially 
perpendicular to the plane of the first portion layer, the 
tracer portion comprising *t layer of macro-porous material 
having a tracer revers ibly immobilized therein, the tracer 
comprising an antibody which binds to the antigen and a 
detect able label j 

C) a Mlcroporous material in fluid communication with 
the tracer portion auoh that the raicroporous* material wicks 
fluid from the tracer portion in a direction substantially 
perpendicular to the direction of f laid flow in the first and 
tracer portions; 

6) a second antibody which binds to the antigen, 
nondif fusively immobilised on the microporou-a material in ail 
area defining a second portion, and;' 

e) an ah^arbing dye teversibly bound. to the 
microporoue- m&tecial in an- indicator: zone c-ontaoted by tha 
fluid after contact of the fluid with the second portion, 

13, TCbe device according to Claim 12 wherein the solid support 
is enclosed' in & fluid-impermeable housing having an upper 
section including a first opening aligned with the first 
portion, a second opening aligned with the second portion, and. 
a third opening aligned vith an area of the microporous 
material contacted by the fluid after it flows through the 

as 
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IX. 77he device according to Claim 1 or 3 wherein the tracer 
is the analyte di an analog thereof and the binder is an 
antibody which binds to the analyte. 

12. A device comprising a solid support for det Acting an 
antigen in a fluid, the support comprising: 

a) a €irRt portion comprising a lay ft i of ma«ropuraUB 
material; 

b> a tracer portion in fluid communication with the 
ill p&rtlon tfueh that fluid flow between the firBt portion 
and the tracer portion is- in a direction substantially 
perpendicular to the plane of the first portion layer, the 
tracer portion comprising a layer of macroporout; material 
having a tracer refers ibly immobilized t hare in, the tracer 
comprising an antibody which binds to the antigen and a 
detectable label; 

c) a microporous material in fluid ogmnmni cation with 
the tracer portion suon that the microporous material wicks 
fluid from the tracer portion in a direction substantially 
perpend icu lav to the direction of fluid flow in the first and 
tracer portions; 

d) a second antibody which binds to tho antigen, 
nondif fusively Immobilized on the microporous material in an 
area defining a second portion, and;" 

e> an ah^oubing dye reversibly bound to the 
jnicroporous- material in an • indicator xone oont anted by the 
fluid after contact of tho fluid with the second portion. 

13, Tfbo device according to Claim 12 wherein the solid support 
is* enclosed' in a f luid-impermeable housing having an upper 
section including a first opening aligned with the first 
portion, a second opening aligned with the second portion, and 
a third opening aligned vith an area of the microporous 
material contacted by the fluid after it flows through the 

as 
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14. "She device according to Claims 12 or 13 wherein th© 
tracer campeises aa antibody selected from the group consisting 
of imti-Group A Streptococcus antibodies, ant i -hog antibodies, 
anti-LH antibodios and antiH^hlamydia antibodies. 

15. The device according to Claim 14 wherein the tracer, 
comprises a label including a dye coated late* micro-particle, 

16. A device comprising a solid support for detecting an 
antibody ixk a fluid, the support comnpciBing: 

a) a ElKSt portion nomprisin^y a layor of macroporous 
material; 

b) a tracer portion in fluid communication with tha 
fixet portion such that fluid Clow between the first portion 
and the tracer portion i* in a direction substantially 
perpendicular to the piano of the first portion layer, the 
trace t poet ion oowpirising a layer of raacroporous material 
having a tracer reversibly irocuofeilized therein, the tracer: 
comprising an antigen or hapten which binds to the antibody and 
a det actable label; 

c) 9 mioroporcuie material in fluid communication with 
the tracer portion such that the roicroporous material wets 
fluid from the tracer portion in a direction substantial ly 
perpendicular to the direction oi fluid flow in the Sir at and 
tracer portions; 

d) antigen or hapten whioh. binds to the antibody 
nondiffusively iircnoblliaed on the microporous material in an 
area defining a second portion, and; 

e) an absorbing dye reversibly bound to the 
roicroporous material in an indicator 2 one contacted by the 
fluid aCter contact of the fluid with the second portion. 




1 
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IV. The dev\ce according to cl&Sin 16 whesein the solid suppoct 
is enclosed In a fluid- impermeable housing having an upper 
section including a £irst opting aligned with the tirst 
portion, o seuond opening aligned with the second parti on , and 
a third opening aligned with au area of. the mi soporous 
matorjal contacted by tho fluid after It flows through the 
indicator tone- 

1&, The device according tD ClaiiRB 16 or 17 therein the 

tracer comprises an a\*tigen selected from the group consisting 
of HIV antigens, rubella antigens, cytomegalovirus antigens, 
KBV antigens and fcorrelia rrurgdosfes i antigens* 

19. The device according to Claim 16 wherein the tracer 

compel ses a label includli^g a dye coated latex uitoKoparLlcle. 

20* A method for stabilizing signal development in a 
solid-^phase iicmunoctipillary assay including' a tracer compr ising 
a visible dye, the method comprising applying to the- solid 
pha3d a hygroscopic material effective to inhibit signal drift 
in a portion of the solid phase vhere the tracer is detected. 

21. The method according to Claim 2C wherein a hygroscopic 
material, so lee tod from the group consisting of oellulosic 
material b, Grogs* 1 inked dextran and polyg odium aorylate is 
allied to the eolid phase, 

22. The CnOthod according to Claim 20 cr 21 wherein the 
hytftosoopia material is applied at the site o£ application of a 
test sample . 

23. The method according to Claim 22 wherein the 
hygroscopic material 1b applied twos tan ti ally immediately after 
application of the test sample. 

£7 • 
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2*, The jnothod according to Claim 22 vherein the 
hygroscopic material is applied substantially immediately aftsc 
cocapLeUon o£ the assay, 

25, ft device comprising a solid support JPor detecting an 
analyte in a fluid, the support comprising 2 

a) a fitst portion comprising a layer o£ niac soporous 
material; 

t>) 3 TnioroporouB material in fluid communication with 
the first portion such that the nricroporous material wicks 
fluid from the first portion in a direction substantially 
perpendicular to the directioi> of £luid flow In the- first 
portion; 

c) a "binder for ttie analyte noodif f naively ijrofcofcilised 
on the niicroporous material in on area defining a second 
portion, and; 

t>) a tracer revets ibly inwioblliEed on the mietoparoutf 
material in an area thereof which ie contacted by the fluid 
prior to contact of the fluid with the binder of the second 
portion* and; 

c) a visible dye covers Ibly hound to the microporous 
mat h rial in an indicator Zond contacted by the fluid after 
contact o£ the fLuid with the second portion. 
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ABSTRACT 



A device and nu*thad for soXid phase a^say of an analyte 



eaiploying capillary 6 Low of reagents a^d/or sample xi\ the 
parous solid phase. Tha davic© is design©*! for u&G in a 
horizontal, position and conipriees a portion fgr ooaibiniTXo 
analyto vitii tracor &tid means for indicating wh»n tho assay Is 
complete . 
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FIG-4 
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